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Additional Experiments with Nanoparticle Zinc S17 VII. H NMR spectra are reported in parts per million (ppm) on the δ scale from an internal standard of residual chloroform (7.26 or 7.27 ppm). Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, sex = sextet, sep = septet, oct = octet, m = multiplet, br = broad), coupling constant in hertz (Hz), and integration. Chemical shifts of 13 C NMR spectra are reported in ppm from the central peak of CDCl 3 (77.23 ppm) on the δ scale. Chiral HPLC data was collected using a Shimadzu SPD-m20a Prominence diode array detector. Chiral GC analysis was performed using a Restek RT-betaDEXcst column (30 m x 0.250 mm, 0.25 micron). Retention times (t R ) are from compound dependent temperature programs; split-inlet at 200 °C at 11.60 psi (H 2 , constant pressure) with 20:1 split, FID 290 °C. High resolution mass analyses were obtained using an APE Sciex QStar Pulsar quadrupole/TOF instrument (API) for ESI, or a GCT Premier TOF MS (Waters Corp) for FI. 
S3
General Experimental
1. Inside a dry box, a flame-dried 5 mL round bottom flask or 5 mL microwave vial equipped with a stir bar, fitted with a rubber septum and cooled under argon atmosphere was sequentially charged with Zn (4 equiv). Outside the dry box, under a positive flow of argon were added via syringe the 2 wt % TPGS-750-M/H 2 O solution (0.5 mL, 0.5 M). While stirring vigorously, TMEDA (2 equiv) was added via syringe followed by the alkyl halide (0.25 mmol). The mixture was vigorously stirred at rt until completion (monitored by TLC and/or GC-MS). The mixture was diluted with EtOAc and filtered through a pad of silica gel. The solvent was removed via rotary evaporation. The crude was purified by column chromatography (eluent: EtOAc/hexanes).
2.
Inside a dry box, a flame-dried 5 mL round bottom flask or 5 mL microwave vial equipped with a stir bar, fitted with a rubber septum and cooled under an argon atmosphere was sequentially charged with Zn (1.1 to 2 equiv) and NH 4 Cl (0.5 to 2 equiv) Outside the dry box, under a positive flow of argon was added via syringe the 2 wt % TPGS-750-M/H 2 O solution (0.5 mL, 0.5 M). While stirring vigorously, the alkyl halide (0.25 mmol) was added. The mixture was vigorously stirred at rt until completion (monitored by TLC and/or GC-MS). The mixture was diluted with EtOAc and filtered through a pad of silica gel. The solvent was removed via rotary evaporation. The crude material was purified by column chromatography (eluent: EtOAc/hexanes).
Substrate Scope
Synthesis of 9H-fluorene from 9-bromo-9H-fluorene
Following the general procedure 1 above (0.25 mmol, 0.5 M, reaction time: 3.5 h), the desired product 1 was obtained as a white solid (39 mg, 95% yield). The 1 H NMR spectrum matched that previously reported.
Following the general procedure 2 above (0.5 mmol, 0.5 M, 1.5 equiv Zn, 0.5 equiv NH 4 Cl, reaction time: 16 h), the desired product was obtained as a white solid (83 mg, 99% yield 140.0, 139.1, 133.9, 128.9, 128.8, 128.7, 128.2, 127.2, 76.1, 34.4, 27.1, 22.4, 13.9 . IR (neat): 3033, 2959, 2932, 2873, 1737, 1491, 1240, 1160, 1088, 753, 717 Synthesis of 2-phenylbut-3-yn-2-yl pentanoate from 2-phenylbut-3-yn-2-yl 5-bromopentanoate
Following general procedure 1 above (0.25 mmol, 0.5 M, reaction time: 15 h), the desired product 5 was obtained as a colorless oil (54 mg, 95% yield). 142.7, 128.7, 128.2, 125.2, 83.5, 75.8, 75.5, 34.9, 32.4, 27.2, 22 .6, 14.1. IR (neat): 3284, 2959, 2934, 2873, 1746, 1236, 1155, 1057, 762, 697 cm -1 . Synthesis of 3-(6-methylpyridin-2-yl)propyl pentanoate from 3-(6-methylpyridin-2-yl)propyl
TLC: 10% EtOAc/hexanes
HRMS-FI (m/z)
5-bromopentanoate
Following general procedure 1 above (0.25 mmol, 0.5 M, reaction time: 9 h), the desired product 6 was obtained as a colorless/yellow oil (54 mg, 93% yield). The compound was not purified by column chromatography as the crude 1 H NMR looked reasonably clean.
TLC: 10% EtOAc/hexanes
1 H NMR (600 MHz, CDCl 3 ): 7.49 (t, J = 7.8 Hz, 1H), 6.98 (d, J = 7.8, 1H), 6.96 (d, J = 7.8 Hz, 1H), 4.12 (t, J = 6.6 Hz, 2H), 2.84 (t, J = 7.8 Hz, 2H), 2.07 (p, J = 6.6 Hz, 2H), 1.61 (p, J = 7.8 Hz, 2H), 1.36 (sex, J = 7.2 Hz, 2H), 0.93 (t, J = 7.2 Hz, 3H).
13
C NMR (150 MHz, CDCl 3 ):174.1, 160.5, 158.1, 136.9, 120.9, 119.8, 63.9, 34.9, 34.3, 29.0, 27.3, 24.7, 22.5, 13.9 . IR (neat): 3064, 2958, 2873, 1732, 1592, 1456, 1255, 1172, 1095, 988, 791 cm -1 .
HRMS-ESI (m/z) [M + Na]
+ calculated for C 14 H 21 NO 2 Na 258.1470, found 258.1474.
Synthesis of But-3-yn-1-yl 2-phenylacetate from But-3-yn-1-yl 2-chloro-2-phenylacetate
Following general procedure 1 above (0.5 mmol, 0.5 M, reaction time: 6 h), the desired product 11 was obtained as a colorless oil (81.8 mg, 87% yield). The 1 H NMR spectrum matched that previously reported.
S7
Following general procedure 2 above (0.5 mmol, 0.5 M, Zn (1.1 equiv), NH 4 Cl (0.5 equiv), reaction time: 12 h), the desired product 11 was obtained as a colorless oil (97.5 mg, 98% yield Synthesis of (2-bromo-1-methylcyclopropyl)benzene from (2,2-dibromo-1-methylcyclopropyl)benzene
Following general procedure 1 above (0.25 mmol, 0.5 M, reaction time: 21 h). The crude mixture was analyzed by GCMS to determine conversion. The ratio of mono-dehalogenation product 9 to didehalogenation was determined to be 87:13, respectively, by GC-MS integration. The product was too volatile to isolate.
Synthesis of (1-Methylcyclopropyl)benzene from (2,2-Dibromo-1-methylcyclopropyl)benzene
Following general procedure 1 above (0.25 mmol, 0.5 M, Zn(nano-sized), reaction time: 24 h) the crude mixture was analyzed by GCMS to determine conversion. The ratio of di-dehalogenation product 10 to mono-dehalogenation was determined to be 88:12, respectively, by GCMS integration. The product was too volatile to isolate.
Synthesis of di-t-butyl (3aS)-2,3,3a,8a-tetrahydropyrrolo[2,3-b]indole-1,8-dicarboxylate from di-t-butyl (3aR)-3a-bromo-2,3,3a,8a-tetrahydropyrrolo [2,3-b]indole-1,8-dicarboxylate
S8
Following general procedure 1 above (0.1 mmol, Zn (4 equiv +4 equiv), 0.5 M, reaction time: 24 h), the desired product was obtained as a colorless oil (34 mg, 94% yield). Zn was added in two portions to achieve full conversion: once at t = 0 min and again at t = 6 h. 
Synthesis of 4-bromobenzyl 2-phenylacetate from 4-bromobenzyl 2-chloro-2-phenylacetate
Following general procedure 1 above (0.25 mmol, 0.5 M, reaction time: 6 h), the desired product 13 was obtained as a colorless oil (75.4 mg, 99% yield). The 1 H NMR spectrum matched that previously reported.
Following general procedure 2 (0.25 mmol, 0.5 M, Zn (1.1 equiv), NH 4 Cl (0.5 equiv), reaction time: 16 h), the desired product 13 was obtained as a colorless oil (74.0 mg, 97% yield (3R,4S,5S,6R)-4-((2R,3R)-2-methyl-3-(3-methylbut-2-en-1-yl)oxiran-2-yl 151.5, 135.2, 118.6, 79.3, 69.0, 61.2, 58.5, 57.1, 51.1, 48.5, 30.5, 29.9, 29.4, 27.5, 25.9, 25.8, 24.2, 18 
Synthesis of
Synthesis of Starting Materials
Synthesis of (2,2-Dibromo-1-methylcyclopropyl)benzene
An oven-dried 10 mL round bottom flask with a septum and Teflon stir bar was charged with (-methyl styrene (260 L, 2 mmol, 1 equiv, den. 0.91 g/mL) and KO-t-Bu (235 mg, 2.1 mmol, 1.05 equiv). Next, tBuOH (5 mL) was added and stirred for several min. The mixture was cooled to 0 ° C with an ice-bath. Slowly, via syringe, bromoform (183 mL, 2.1 mmol, 1.05 equiv, den. 2.889 g/mL) was added. The ice-bath was then removed and the resulting solution was allowed to stir overnight. Afterwards, H 2 O was added to the flask and extracted with hexanes in a separatory funnel. The crude mixture was purified by column chromatography to afford a colorless oil (285 mg, 49% yield). 
Synthesis of 4-bromobenzyl 2-chloro-2-phenylacetate
An oven-dried 25 mL round bottom flask with a septum and Teflon stir bar was charged with (4-bromophenyl)methanol (0.375 g, 2.0 mmol, 1.0 equiv) and dissolved in CH 2 Cl 2 (20 mL). NEt 3 (0.28 mL, 2.2 mmol, 1.1 equiv) was added dropwise to the flask while stirring. Subsequent addition of 2-chloro-2-phenylacetyl chloride (0.32 mL, 2.0 mmol, 1.0 equiv) was added dropwise. The resulting solution was stirred, and monitored by TLC for 3 h. The reaction mixture was transferred with 100 mL Et 2 O into a separatory funnel containing 100 mL H 2 O. The layers were separated and the aqueous phase was extracted twice with Et 2 O (100 mL). The combined organic layers were dried over anhydrous Na 2 SO 4 and concentrated via rotary evaporation. The crude material was purified by column chromatography, using the indicated solvent system, to afford the desired product (0.57 g, 84% yield) as white solid. 
Synthesis of di-t-butyl (3aR)-3a-bromo-2,3,3a,8a-tetrahydropyrrolo [2,3-b]indole-1,8-dicarboxylate
S11
An oven-dried 100 mL round bottom flask with a septum and Teflon stir bar was charged bis-Bocprotected typtamine (0.999 g, 2.77 mmol) and dissolved in DCM (25 mL). Subsequently, NBS (0.498 g, 2.77 mmol) and PPTS (0.697 g. 2.77 mmol) were added to the reaction mixture. The solution was stirred at rt for 6 h. Afterwards, the mixture was diluted with DCM (~20 mL), transferred to a separatory funnel, and washed with NH 4 Cl (sat. aq., ~40 mL). The product was extracted twice with DCM (~20 mL, each), collected, and dried over anhydrous MgSO 4 . The solvent was removed via rotary evaporation and purified by column chromatography affording a white solid/foam (605 mg, 50% yield).
Note: This compound is light sensitive! It was immediately placed in the freezer and wrapped in foil.
TLC: 20% EtOAc/hexanes, R f = 0. 
Synthesis of but-3-yn-1-yl 2-chloro-2-phenylacetate
An oven-dried 25 mL round bottom flask with a septum and Teflon stir bar was charged with but-3-yn-1-ol (0.23 mL, 3.0 mmol, 1.0 equiv) and dissolved in CH 2 Cl 2 (30 mL). NEt 3 (0.42 mL, 3.3 mmol, 1.1 equiv) was added dropwise to the flask while stirring. Subsequent addition of 2-chloro-2-phenylacetyl chloride (0.47 mL, 3.0 mmol, 1.0 equiv) was added dropwise. The resulting solution was stirred, and monitored by TLC for 4 h. The reaction mixture was transferred with 150 mL Et 2 O into a separatory funnel containing 150 mL H 2 O. The layers were separated and the aqueous phase was extracted twice with Et 2 O (150 mL). The combined organic layers were dried over anhydrous Na 2 SO 4 and concentrated via rotary evaporation. The crude material was purified by column chromatography, using the indicated solvent system, to afford the desired product (0.54 g, 81% yield) as white solid. TLC: 5% EtOAc/hexanes, R f = 0. 
Synthesis of 1-(3-Bromopropyl)-1H-indole
To a flame-dried 100 mL round bottom flask under Ar, equipped with a stir bar 1,3-dibromopropane was added (2.03 mL, 4.04 g, 20 mmol, 3 equiv, density: 1.989 g/mL) and dissolved in DMF (33 mL). 1H-Indole (0.78 g, 6.6 mmol, 1.0 equiv) and ground KOH (0.38 g, 6.6 mmol, 1.0 equiv) was added to the flask. The reaction mixture was stirred for 48 h. Water (75 mL) was added to the mixture. The product was extracted three times with Et 2 O (50 mL, each). The combined organics were washed again with H 2 O, dried with brine, and then over anhydrous MgSO 4 . The solvent was evaporated via rotary evaporation. The crude material was purified by column chromatography to afford a slightly yellow oil (650 mg, 40% yield). The yield of 75% by Hassner and Dehaen was never achieved. The material was roughly 80% pure by GCMS integration. The impurity was unknown and couldn't be removed by standard purification techniques. 
TLC: 10% EtOAc/hexanes
Synthesis of 2-phenylbut-3-yn-2-yl 5-bromopentanoate
To a flame-dried 100 mL round bottom flask under Ar, equipped with a stir bar, EDCI (600 mg, 3 mmol, 2 equiv), DMAP (91 mg, 0.75 mmol, 0.5 equiv), and 2-phenylbut-3-yn-2-ol (219 mg, 1.5 mmol, 1 equiv) was added. The round bottom flask was purged with argon, and dissolved in DCM (20 mL). The reaction mixture was cooled to 0 °C with an ice-bath. 5-Bromopentanoic acid (353 mg, 1.95 mmol, 1.3 equiv) was added to the reaction mixture as a solution in DCM (5 mL). Subsequently Et 3 N (0.32 mL, 2.25 mmol, 1.5 equiv, den. 0.72 g/mL) was added to the flask. The reaction mixture was allowed to warm to rt overnight while stirring. The solution was diluted with DCM, transferred to a separatory funnel, and 2, 128.6, 128.2, 125.0, 83.1, 75.9, 75.6, 33.9, 33.2, 32.2, 32.1, 23.5 . IR (neat) : 3286, 3067, 2935, 1744, 1448, 1057, 763, 698, 559 cm -1 .
HRMS-FI (m/z) [M]
+ calculated for C 15 H 17 BrO 2 308.0412, found 308.0423.
Synthesis of 3-(6-methylpyridin-2-yl)propyl 5-bromopentanoate
To a flame-dried 100 mL round bottom flask under Ar, equipped with a stir bar, EDCI (600 mg, 3 mmol, 2 equiv), DMAP (91 mg, 0.75 mmol, 0.5 equiv), and 3-(6-methylpyridin-2-yl)propan-1-ol (218 L, 1.5 mmol, 1 equiv, den. 1.04 g/mL) were added. The round bottom flask was purged with argon, and dissolved in DCM (20 mL). The reaction mixture was cooled to 0 °C with an ice-bath. 5-Bromopentanoic acid (353 mg, 1.95 mmol, 1.3 equiv) was added to the reaction mixture as a solution in DCM (5 mL). Subsequently Et 3 N (0.32 mL, 2.25 mmol, 1.5 equiv, den. 0.72 g/mL) was added to the flask. The reaction mixture was allowed to warm to rt overnight while stirring. The solution was diluted with DCM, transferred to a separatory funnel, and washed with 1 M HCl (40 mL, twice), brine, and dried over anhydrous MgSO 4 . The organic solvent was removed via rotary evaporation and the residual material purified by column chromatography. A colorless oil was afforded (371 mg, 79% yield).
TLC: 25% EtOAc/hexanes, R f = 0.2 Purification (eluent): 10, 20, 30% EtOAc/hexanes 1 H NMR (600 MHz, CDCl 3 ): 7.50 (t, J = 7.8 Hz, 1H), 6.99 (d, J = 7.8 Hz, 1H), 6.96 (d, J = 7.8 Hz, 1H), 4.14 (t, J = 6.6 Hz, 2H), 3.42 (t, J = 6.6 Hz, 2H), 2.83 (t, J = 7.2 Hz, 2H), 2.54 (s, 3H), 2.35 (t, J = 7.2 Hz, 2H), 2.08 (p, J = 6.6 Hz, 2H), 1.91 (p, J = 7.2 Hz, 2H), 1.79 (p, J = 7.8 Hz, 2H).
13
C NMR (150 MHz, CDCl 3 ):  173.4, 160.4, 158.1, 136.9, 121.0, 119.8, 64.2, 34.9, 33.5, 33.2, 32.2, 24.7, 23.7 . IR (neat): 3283, 2961, 1727, 1594, 1519, 1255, 905, 725, 648 cm -1 . 
HRMS-ESI (m/z)
Synthesis of (4-chlorophenyl)(phenyl)methyl 5-bromopentanoate
To a flame-dried 100 mL round bottom flask under Ar, equipped with a stir bar, EDCI (600 mg, 3 mmol, 2 equiv), DMAP (91 mg, 0.75 mmol, 0.5 equiv), and (4-chlorophenyl)(phenyl)methanol (328 mg, 1.5 mmol, 1 equiv) were added. The round bottom flask was purged with argon, and dissolved in DCM (20 mL). The reaction mixture was cooled to 0 °C with an ice-bath. 5-Bromopentanoic acid (353 mg, 1.95 mmol, 1.3 equiv) was added to the reaction mixture as a solution in DCM (5 mL). Subsequently Et 3 N (0.32 mL, 2.25 mmol, 1.5 equiv, den. 0.72 g/mL) was added to the flask. The reaction mixture was allowed to warm to rt overnight while stirring. The solution was diluted with DCM, transferred to a separatory funnel, and washed with 1 M HCl (40 mL, twice), brine, and dried over anhydrous MgSO 4 . The organic solvent was removed via rotary evaporation and the residual material purified by column chromatography. A colorless oil was afforded (232 mg, 40% yield).
TLC: 10% EtOAc/hexanes, R f = 0.5 Purification (eluent): 2, 5, 10% EtOAc/hexanes 1 H NMR (600 MHz, CDCl 3 ): 7.78-7.68 (m, 10H), 3.81 (t, J = 6.6 H, 2H), 2.88 (t, J = 7.8 Hz, 2H), 2.32-2.21 (m, 4H).
13
C NMR (150 MHz, CDCl 3 ): 172. 2, 139.8, 138.9, 134.0, 128.9, 128.8, 128.7, 128.3, 127.2, 76.4, 33.7, 33.1, 32.0, 23.6 . IR (neat) : 3032, 2939, 1734, 1490, 1247, 1128, 1089, 801, 698, 551 cm -1 .
HRMS-FI (m/z) [M]
+ calculated for C 18 H 18 BrClO 2 380.0179, found 380.0192.
S15
E Factor Determination and Recycle Study
Inside a dry box, a 5 mL microwave vial equipped with a stir bar, fitted with a rubber septum and cooled under an argon atmosphere was charged with Zn (4 equiv). Outside the dry box, under a positive flow of argon, was added via syringe the 2 wt % TPGS-750-M/H 2 O solution (1.0 mL, 1.0 M). While stirring vigorously, TMEDA (2 equiv) was added via syringe followed by but-3-yn-1-yl 2-chloro-2-phenylacetate (1.0 mmol). The reaction was allowed to stir until complete. The product was extracted with EtOAc: 250 L + 250 L. To ease separation a centrifuge can be used. The organic solvent was evaporated via rotary evaporation. The crude product was purified by silica gel column chromatography (eluent: gradient from 1 to 10% EtOAc/hexanes) to provide the desired compound as a colorless oil (170 mg, 90% yield).
Re-use of surfactant solution:
Additional Zn (2 equiv) was added to the flask. Next NH 4 Cl (0.5 equiv) and 4-bromobenzyl 2-chloro-2-phenylacetate (1.0 mmol) were added to the flask. The reaction was allowed to stir at rt for 7 h. The product was extracted with EtOAc: 350 L + 350 L. The organic solvent was evaporated via rotary evaporation. The crude product was purified by silica gel column chromatography (eluent: gradient from 1 to 10% EtOAc/hexanes) to provide the desired compound as a colorless oil (262 mg, 86% yield).
E Factor calculations:
Note: Density of each liquid at 25 °C; ethyl acetate = 0.897 g/mL; water = 1.00 g/mL, TMEDA = 0.775 g/mL, diethyl ether = 0.7131 g/mL, dimethylformamide = 0.944 g/mL.
Water NOT included as waste
Water included as waste
